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(54) METHOD, TOOL AND DEVICE FOR MEASURING CONCENTRATION 



(57) The present invention relates to technology for 
constructing. a reaction system including a test target, 
an oxidation-reduction enzyme, and an electron media- 
tor, and measuring the concentration of the test target 
by an electrochemical process. A Ru compound is used 
as the electron mediator. The present invention provides 



a concentration test instrument including a substrate, 
first and second electrodes formed on the substrate, and 
a reagent layerformed as a solid. The reagent layer con- 
tains an oxidation-reduction enzyme and a Ru com- 
pound, and is constituted so as to dissolve and construct 
a liquid phase reaction system when a sample liquid is 
supplied. 
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Description 

TECHNICAL FIELD 



thereof). 

RACKGROUND ART 



, 0W2) EnI , are use, - a way ,o «•£ dSe^^^ 

(in the formula, FADH 2 is the reduction type of the FAD). 

Glucose + GOD/FAD -> 5-Gluconolactone + GOD/FADH 2 

lmm wnenOieedsugarie^arerneasured^ 

[0004] An example of how blood sugar .3 measured by «P«««J _ « 9 e|ectron 

oxidaJon current. In the first step, a reaction system , . while a reductive me- 
25 transfer medium (mediator). The result is that th FADH 2 produced by this enzyme 

following chemical formula. 
30 GOD/FADH 2 + 2[Fe(CN) 6 ] 3 - -* GOD/FAD * 2[Fe(CN) 6 ) 4 - + 2H + 



[Fe(CN) 6 ] 4 " -» [Fe(CN) 6 r 



+ e 



- ,0006, ,n the ttd step. I. ex«a,ion mm »aiue aorfcutadie .0 vettage ^ is «— . and ,he giucese 
concentration is computed en the basis ot this measured value , M| a glueose Mns „, is used 

r-°rd=ra^r^^ 

ertheless, in a reaction system combining GOD with potass! '^J^ 8 , ^^,1 by amperometry. 

countered with a method for measuring glucose concentration jf we co ^ ider ^ measurement 

50 10009] The first of these probiems is the ^f^^!^ ^ To^l glutathione, and Fe (II) 
of glucose concentration in blood, there are reductive substances (sue * as ^™ u * jd0 „ sent when 
coexisted in the blood in addition to glucose. If a '^J^^^^^^Z substance caused by 
voltage is applied to the reaction system, ^^^^^^^J^ in the potassium ferrocya- 
voltage application wi.l be supplied to the electrode V^^J^^^J^ to the electron transfer 

55 nide. As a result, the measured current value will include J^^^^^J than tpe actual 

of the reductive substance. Accordingly the the more types and ouan- 
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potassium ferricyanide is used as the ^£^21^"^^ 

Sed with a portage b.ood sugar <^™»^£ B ^ Sons from sources other than glucose and 
thP effects of light and water, and when exposed to 1 hese receiv s ( contajn both p0tassium 

J ms?nto red ctive potassium ferrocyanide. If th ' 8 

e r ocyanide that has been rendered ^^^^SSS problem described above, the oxidat.on current 
eductive by exposure. As a result, just as with the redurtv uwaanc p f errocyaniae resultmg from expo- 

during voltage application includes background ^^^^ater than the actual glucose concentrator, 
s " consequently, the measured glucose concen rat on ^ made ^ g |jgh , blocking ma tena for 

sensor is mass-produced on an industrial scale. 

nm ^e..BC OF THE INVENTION 

[0011] .tisano.ectofthepre^^ 

ow cost, and allows the concentration of a test target n a sampl ^'^ ethodformeasurin gthe concentrate 

[0 01 2] According to afirst aspect of the pres— ^ Z test target, an oxidation-reduction enzyme and 

he Ru compound in the reaction system, a 
, ^-IT-K JS^^^- - tes^ target on the basis of the response current 

non-application state and the second - J^«2^yw» the reaction system in a voltage application state 
the first and second steps may be conducted s'multaneous,y wnn 

. continuous* from the time the sample ^^^SiZ^^ iS P"*"** 3 T JT 

[0015] The voltage applied between the f.rs and second ^ xidatjon . reduct ion potential (versus a standard hy- 
potential. and the va.ue thereof is preferabty a ^^^^J^,, complex, and less than a standard 
Srogen electrode) between the reduct.ve ^^^^^^ errocyanide ions and ferricyanide ions. 

of time has elapsed (at least 3 seconds) from the start of ™"*™ZZ fheS step. Even more preferably, the first 
that serves as the basis for computation of the glu cose ^"™ n in t ™£ amount of time has elapsed (3 to 5 
45 step lasts from 0 to 3 seconds, and the cu " e * ^ value. 

seconds) from the start of the second step is employed a the " m P u «t concentration les , instrument com- 

[0017] According to asecond aspect of the present r^'^TZ a reagent layer formed as a solid. The 
prising a substrate, first and second e.ectrodes °^f a X^und, and may be constituted so as to 

so ^^^^^E^^^^^^ 
[001 9] Preferably, in the first and second aspects of the PJ^JJJJ^ on the type of ligand in the Ru complex as 

y .... *_n i u^r^ii-ol fnrmnla 



expressed by the following chemical formula. 
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10 



[Ru(NH 2 ) 5 X] n+ 

Sf?r - hof mP ' eS ° ,X iR T* C i emiCa ' f0rmUla indUde NH3, a hal09en ion ' CN - Py ridine - nicotinamide, and H 2 0, but 
mined by the type'^X P " + " Chemi ° al M * " Va,e " Ce ° f ,He 0XidatiVe Ru(l,l) COmplex 38 deter - 

[0021] If th e Ru compound is an oxidative Ru(lll) complex, then the electron transfer system is selected so that the 
reductive RufJO complex will be produced by only two reactions, an. oxidation reaction of the measurement 4t targe" 
££2? J? oxldat,on - reduction enzyme, and a reduction reaction of the oxidative Ru(lll) complex 
[0022] The reaction system is constituted, for example, as a uniform or substantially uniform liquid phase reaction 
system in wh,ch a relatively small amount of the oxidation-reduction enzyme is dispersed uniformly or substantially 
unifonrnlywrthrespecttoarelatively large amount of theoxidativeRu(lll)complex.lnthis case, the reductantisproduced 
substantially uniformly in every location of the reaction system. 

[0023] Examples of the test target include glucose, cholesterol, lactic acid, and ascorbic acid 

'5 [0024] The oxidation-reduction enzyme is selected according to the type of test target, but preferably is at least one 
type selected from the group consisting of glucose dehydrogenase (GDH) (including the aGDH and CyGDH discussed 
below), glucose oxidase (GOD), cholesterol dehydrogenase, cholesterol oxidase, lactic acid dehydrogenase lactic 
acid oxidase, ascorbic acid dehydrogenase, ascorbic acid oxidase, alcohol dehydrogenase, alcohol oxidase fructose 
dehydrogenase, 3-hydroxybutyric acid dehydrogenase, pyruvic acid oxidase, NADH oxidase, uric acid oxidase (uri- 

zo case), urease, and dihydrolipoamide dehydrogenase (diaphorase). 

[0025] With the present invention, examples of GDH that can be used include types in which pyrroquinoline quinone 
(PQQ), nicotinamide adenine dinucleotide (NAD), nicotinamide adenine dinucleotide phosphate (NADP) or another 
such compound serves as a coenzyme, as well as aGDH, CyGDH, and so forth. It is preferable for the' GDH to be 
ctGDH, CyGDH, or a compound in which PQQ serves as a coenzyme (PQQGDH). 

25 [0026] aGDH contains a GDH-active protein whose molecular weight is approximately 60 kDa in SDS-polyacrylamide 
gel electrophoresis under reduction conditions as subunits having glucose dehydrogenation activity. CyGDH mean- 
while, contains as subunits the above-mentioned GDH-active protein and an electron mediator protein (cytochrome 
C) whose molecular weight in SDS-polyacrylamide gel electrophoresis under reduction conditions is approximately 43 
kDa. The GDH can also be one further having subunits other than a GDH-active protein and cytochrome C 

30 [0027] CyGDH can be obtained by refining an enzyme externally secreted by a microbe belonging to Burkholderia 
cepacia, or by refining an enzyme found internally in this microbe. aGDH, meanwhile, can be obtained by forming a 
transformant .mplanted with a gene coding for the expression of aGDH collected from a microbe belonging to Burkhol- 
deria cepacia, for example, and refining an enzyme externally secreted from this transformant, or refining an enzyme 
found internally in this transformant. 

35 [0028] As for the microbe belonging to Burkholderia cepacia, for example, Burkholderia cepacia KS1 strain can be 
used. This KS1 strain deposited on September 25, 2000 as microorganism deposit number FERM BP-7306 with the 
Patent Organism Depositary of the National Institute of Advanced Industrial Science and Technology (Chuo No 6 1 -1 
Higashi 1-chome. Tsukuba-shi, Ibaraki, Japan, 305-8566). 

[0029] According to a third aspect of the present invention, there is provided a concentration measuring apparatus 
to which is used together with a concentration test instrument including a reagent layer a first electrode and a second 
electrode, where the reagent layer contains a Ru compound as an oxidation-reduction enzyme. The measuring appa- 
ratus includes a voltage applier for applying voltage between the first and second electrodes, a current value measurer 
for measuring the response current value when vortage has been applied between the first and second electrodes 
and a computer for computing the concentration of the test target on the basis of the response current value. 
« [0030] Preferably, the concentration measuring apparatus may further comprise a controlled or controlling the voltage 
application performed by the voltage applier, or for controlling the current value measurement performed by the current 
value measurer. 

[0031] The above controller is constituted, for example, such that the vortage applied by the voltage applier is con- 
trolled to be a constant voltage selected from a range of 100 to 500 mV, and preferably 100 to 300 mV The controller 
>o may also be constituted such that the vortage applied by the voltage applier is controlled to be a constant vortage 
selected from a range of at least a standard oxidation-reduction potential (versus a standard hydrogen electrode) 
between the oxidant and reductant of the Ru compound, and less than a standard oxidation-reduction potential (versus 
a standard hydrogen electrode) between ferrocyanide ions and ferricyanide ions. 

[0032] Preferably, the concentration measuring apparatus of the present invention may further comprise a detector 
<5 for detecting that a sample liquid has been supplied to the reagent layer of the concentration test instrument. The 
controller is constituted, for example, so as to control the voltage applier such that no voltage is applied between the 
first and second electrodes during a first specific period of 0 to 1 0 seconds after the detector has detected that a sample 
liquid has been supplied to the reagent layer. In this case, the control means controls the voltage applier such that a 
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specific potential is applied between the first and second electrodes by the voltage applier starting at the point when 
the first time period has elapsed. The control means is further constituted such that the response current value used 
for concentration computation by the computer is measured by the current value measurer at a point when a second 
specific time period of at least 3 seconds has elapsed after the start of the previous application of the specific potential. 
5 Preferably, the first specific time period is 0 to 3 seconds : and the second specific time period is 3 to 5 seconds. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] 

10 

Fig. 1 is a schematic diagram illustrating the basic structure in a glucose concentration measuring apparatus ac- 
cording to the present invention; 

Fig. 2 is an overall oblique perspective view illustrating a glucose sensor used in the glucose concentration meas- 
uring apparatus in Fig. 1 ; 

15 Fig. 3 is an exploded oblique perspective view of the glucose sensor in Fig. 2; 

Fig. 4A is a diagram of the electron transfer system in a reaction system including PQQ-GDH and a Ru complex, 
and Fig. 4B is a diagram of the electron transfer system in a reaction system including GOD and a Ru complex; 
Fig. 5 is a graph of the change overtime in the voltage applied to the first and second electrodes and the response 
current value in measurement of the glucose concentration; 

20 Fig. 6 is a graph of the CV waveforms of a glucose sensor 1 of the present invention and a comparative glucose 

sensor; 

Fig. 7 is a graph of the effect of applied voltage value; 

Fig. 8 is a graph of the change over time in the response current when voltage is applied to the reagent layer 
(closed circuit) after the circuit has been open for a specific time period after the supply of whole blood to a reagent 
25 layer in which a Ru complex is used; 

Fig. 9 is a graph of the change overtime in the response current when voltage is applied to the reagent layer 
(closed circuit) after the circuit has been open for a specific time period after the supply of whole blood to a reagent 
layer in which an Fe complex is used; 

Fig. 1 0 is a graph of the response current value 5 seconds after the start of voltage application when a voltage of 
30 500 mV is applied 10 seconds after whole blood is supplied to the reagent layer, for several types of whole blood 

with different glucose concentrations; 

Fig. 11 is a graph of the response current value 5 seconds after the start of voltage application when a voltage of 
250 mV is applied 10 seconds after whole blood is supplied to the reagent layer, for several types of whole blood 
with different glucose concentrations; 
35 Fig. 1 2 is a bar graph of the response current value (background current) for whole blood with a glucose concen- 

tration of 0 in the graphs shown in Figs. 10 and 11, given separately for an Fe complex and a Ru complex; 
Fig. 13 is a graph of an evaluation of the effect of exposure to moisture from the response current value when a 
standard solution is supplied to the reagent layer; 

Fig. 14 is a graph of an evaluation of the dispersibility of a Ru complex from the response current value when a 
40 standard solution is supplied to the reagent layer; 

Fig. 1 5 is a graph of the correlation between glucose concentration and response current value for glucose sensors 
having different reagent layer formulations (oxidation-reduction enzymes); and 

Fig. 1 6 is a graph of the correlation between glucose concentration and response cu rrent value for glucose sensors 
in which GOD is used as the oxidation-reduction enzyme. 

45 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0034] Preferred embodiments of the present invention will now be described with reference to the drawings. In these 
embodiments, the description will be for examples of a glucose concentration measuring apparatus and glucose sensor 

so constituted such that the glucose concentration in a sample liquid is measured. However, the present invention is not 
limited to the measurement of glucose concentration, and can also be applied to the measurement of othercomponents. 
[0035] As shown in Fig. 1 , a glucose concentration measuring apparatus 1 uses a glucose sensor 2 to measure the 
glucose concentration in a glucose solution such as blood. This glucose concentration measuring apparatus 1 com- 
prises a voltage applier 3, a current measurer 4, a detector 5, a controller 6, a computer 7, and a display unit 8. 

55 [0036] As clearly shown in Figs. 2 and 3, the glucose sensor 2 includes a cover plate 20, a spacer 21 , and a base 
plate 22. A channel 25 is created by these members. 

[0037] A hole 23 is made in the cover plate 20, and a slit 24 that communicates with the hole 23 and is open at its 
distal end 24a is provided to the spacer 21 . The channel 25 communicates with the outside via the hole 23 and the 
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open distal end 24a of the slit 24. The distal end 24a constitutes a sample liquid introduction opening 25a. Glucose 
solution supplied through this sample liquid introduction opening 25a moves by capillary action through the channel 

25 toward the hole 23. 

[0038] A first electrode 26, a second electrode 27, and a reagent layer 28 are provided on the upper surface 22a of 
5 the base plate 22. 

[0039] The first and second electrodes 26 and 27 generally extend in the longitudinal direction of the base 22. The 
first and second electrodes 26 and 27 have at their ends 26A and 27A a working portion 26a and a counterpart portion 
27a extending in parallel to the shorter sides of the base plate 22. 

[0040] The upper surface 22a of the base plate 22 is covered by an insulating film 29 so as to expose the working 
10 portion 26a of the first electrode 26, the counterpart portion 27a of the second electrode 27, and the opposite ends 
26b and 27b of the first and second electrodes 26 and 27. As discussed below, the opposite ends 26b and 27b of the 
first and second electrodes 26 and 27 constitute terminals for providing contact with first and second contacts 3a and 
3b (see Fig. 1) of the glucose concentration measuring apparatus 1 . 

[0041] The reagent layer 28 is, for example, in solid form and provided so as to span the distance between the 
15 working portion 26a and the counterpart portion 27a. This reagent layer 28 includes, for example, a relatively large 
amount of mediator (electron transfer medium) and a relatively small amount of the oxidation-reduction enzyme. The 
reagent layer 28 is formed, for example, by applying a coating of paint, in which the mediator and the oxidation-reduction 
enzyme are substantially uniformly dispersed, so as to span the distance between the first and second electrodes 26 
and 27, and then drying this coating. When the reagent layer 28 is formed in this way, it becomes a single, solid layer 
20 in which the oxidation-reduction enzyme is substantially uniformly dispersed in the mediator, and is readily dissolved 
by the supply of the glucose solution. 

[0042] It is preferable to use glucose dehydrogenase (GDH) or glucose oxidase (GOD) as the oxidation-reduction 
enzyme. The GDH can be a type in which such compounds as pyrroquinoline quinone (PQQ), nicotinamide adenine 
dinucleotide (NAD) or nicotinamide adenine dinucleotide phosphate (NADP) serve as a coenzyme, or can be aGDH 
25 orCyGDH. Of these GDHs, it is preferable to use aGDH, CyGDH, or a compound in which PQQ serves as a coenzyme 
(i.e., PQQGDH). 

[0043] A Ru complex, for example, is used as the mediator. There are no particular restrictions on the type of ligand 
in the Ru complex as long as the complex functions as an electron transfer medium, but it is preferable to use an 
oxidative type expressed by the following chemical formula. 

30 

[Ru(NH 3 ) 5 xr 

[0044] Examples of X in the chemical formula include NH 3 , a halogen ion, CN> pyridine, nicotinamide, and H 2 0 but 
35 NH 3 or a halogen ion is preferable. n + in the chemical formula is the valence of the oxidative Ru(lll) complex, which is 
determined by the type of X. 

[0045] Ru complexes are usually in the form of an oxidative type (III) because reductive types (II) are unstable. 
Accordingly, the Ru complex will not readily undergo undesirable reduction even when exposed to light or water when 
mixed into the reagent layer 28 of the glucose sensor 2. Another characteristic of a Ru complex is that it does not 
40 readily crystallize and can be suitably maintained in the form of a micropowder. Another advantage, at least for com- 
binations of Ru complex and PQQGDH, is fast electron transfer. 

[0046] The voltage applier3 shown in Fig. 1 applies a constant voltage between the terminal 26b of the first electrode 

26 and the terminal 27b of the second electrode 27. The voltage applier 3 is designed so that when the glucose sensor 
2 is mounted in its mounting component (not shown) provided to the glucose concentration measuring apparatus 1 , 

45 there is electrical continuity between the terminals 26b and 27b of the glucose sensor 2 via the first and second contacts 
3a and 3b. A DC power supply such as a dry cell or a rechargeable cell is used as the voltage applier 3. 
[0047] The current measurer 4 measures the response current value correlated with the quantity of electrons released 
from the reductive Ru(ll) complex of the reagent layer 28 when voltage is applied between the first and second elec- 
trodes 26 and 27. 

so [0048] After the glucose sensor 2 is mounted in the glucose concentration measuring apparatus 1 , the detector 5 
detects whether or not a glucose solution has been supplied to the reagent layer 28 and measurement of the glucose 
concentration is possible. 

[0049] The controller 6 controls the voltage applier 3 and selects between states in which voltage is applied (closed 
circuit) and is not applied (open circuit) between the first and second electrodes 26 and 27. The controller 6 also controls 
55 the current value measurement timing in the current measurer 4. 

[0050] The computer 7 computes the glucose concentration in the glucose solution according to the response current 
value measured by the current measurer 4. 

[0051] The detector 5, the controller 6, and the computer 7 are each constituted by a CPU and a memory such as 
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a ROM or RAM for example, but it is also possible to constitute all of the detector 5, the controller 6, and the computer 
7 by connecting a plurality of memories to a single CPU, The computation results of the computer 7 are delayed by 
the display unit 8. The display unit 8 is constituted by an LCD or the like. 

[0052J Next, the procedure for measuring the glucose concentration in a glucose solution will be described through 

5 reference to Figs. 4 and 5 in addition to Figs. 1 to 3. 

[0053] As is clearly shown in Fig. 1 , first the glucose sensor 2 is installed in the glucose concentration measuring 
apparatus 1 . As a result, the terminals 26b and 27b of the first and second electrodes 26 and 27 of the glucose sensor 
2 come into contact with the first and second contacts 3a and 3b of the glucose measuring apparatus 1 . As was 
mentioned above, there is electrical continuity between the first and second electrodes 26 and 27 and the voltage 

10 applier 3 in this state. In actual measurement, a constant voltage is applied between the first and second electrodes 
26 and 27 by the voltage applier 3 under the control of the controller 6 even before the glucose solution is supplied to 
the glucose sensor 2. 

[0054] The constant voltage applied between the first and second electrodes 26 and 27 is set to within a range of 
1 00 to 500 mV, for instance. Preferably, the constant voltage is at least a standard oxidation-reduction potential (versus 

is a standard hydrogen electrode) between the reductive Ru(ll) complex and the oxidative Ru(lll) complex, and less than 
a standard oxidation-reduction potential (versus a standard hydrogen electrode) between ferrocyanide ions and ferri- 
cyanide ions. The standard oxidation-reduction potential of a Ru complex varies somewhat with the type of ligands, 
but is roughly +100 mV, while that of ferricyanide ions is +360 mV. Therefore, the constant voltage applied between 
the first and second electrodes 26 and 27 by the voltage applier 3 is selected from a range of 100 to 350 mV, for 

20 example. It was discussed above that it is best for the Ru complex to be an oxidative type expressed by [Ru(NH 3 ) 8 ] 3+ 
(or a reductive type expressed by [Ru(NH 3 ) 6 ] 2 +). Here again, the constant voltage is preferably 100 to 350 mV, and 
even more preferably 100 to 300 mV. 

[0055] Next, a glucose solution such as blood is supplied through the sample liquid introduction opening 25a of the 
glucose sensor 2. The glucose solution moves by capillary action through the channel 25 of the glucose sensor 2. In 

25 the course of this movement the glucose solution dissolves the reagent layer 28. 

[0056] As touched upon above, since a Ru complex does not readily crystallize and can be suitably maintained in 
the form of a micropowder, if a Ru complex is contained in the form of a micropowder in the reagent layer 28, the entire 
reagent layer 28 will readily and instantly dissolve when the glucose solution is supplied. Because the reagent layer 
28 comprises a Ru complex dispersed in an oxidation-reduction enzyme, an enzyme reaction occurs uniformly at every 

30 location of the reagent layer 28, which allows the glucose concentration to be measured accurately in a short time. 
[0057] Meanwhile, if a glucose solution is supplied to the reagent layer 28, the glucose is oxidized into gluconolactone 
and the mediator is made into a reductive type by the oxidation-reduction enzyme. Since the mediator is substantially 
uniformly dispersed in the reagent layer 28 , a reductive mediator is produced spontaneously, without any voltage being 
applied, substantially uniformly at every location of the reagent layer 28. The gluconolactone becomes gluconic acid 

35 without the help of the enzyme. 

[0058] Here: Fig. 4A is a diagram of the electron transfer system when [Ru(lll)(NH 3 ) 6 ]^ f is used as the mediator and 
PQQGDH is used as the oxidation-reduction enzyme, while Fig. 4B is a diagram of the electron transfer system when 
[Ru(ill)(NH 3 ) 6 ] 3 + is used as the mediator and GOD is used as the oxidation-reduction enzyme. 
[0059] In the example depicted in Figs. 4A and 4B, in a state in which constant voltage is applied between the first 

40 and second electrodes 26 and 27 via the two terminals 26b and 27b, the reductive Ru( II) complex present in the reagent 
layer 28 moves to the working portion 26a side of the first electrode 26, releases electrons to this working portion 26a, 
and creates an oxidative Ru(lll) complex. Therefore, in a state in which constant voltage is applied between the first 
and second electrodes 26 and 27 by the voltage applier 3, the quantity of electrons given off by the reductive Ru(ll) 
complex is measured as the response current value by the current measurer 4 via the first electrode 26 and the first 

45 contact 3a. This response current value is correlated with the quantity of electrons originating in the reductive Ru(lll) 
complex that has moved through the reagent layer 28 as a result of voltage application, and is known as the diffusion 
current. 

[0060] Meanwhile, the response current value measured by the current measurer 4 is monitored by the detector 5, 
and as shown in Fig. 5, the detector 5 detects that the glucose solution has been supplied to the reagent layer 28 and 
so the reagent layer 28 has dissolved at the point to when the response current value exceeds a threshold I-, (such as 2 
to 3 fiA). 

[0061] When the detector 5 has detected that the glucose solution has been supplied, the controller 6 controls the 
voltage applier 3 and halts the application of voltage between the first and second electrodes 26 and 27. Since the 
reductive Ru(ll) complex is not oxidized while voltage application is halted, the reductive Ru(ll) complex accumulates 
55 as a result of the glucose oxidation reaction and the mediator reduction reaction brought about by the oxidation-reduc- 
tion enzyme. At a point t-, when a specific amount of time has elapsed (such as t 1 - to = 0 to 10 seconds, and preferably 
0 to 3 seconds), a constant voltage V is applied between the first and second electrodes 26 and 27 by the voltage 
applier 3 under the control of the controller 6. Even after the detector 5 has detected that the glucose solution has been 
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supplied, application of voltage may be continued so that the produced reductive Ru(ll) complex is successively moved 
to the working portion 26a and the diffusion current is measured. 

[0062] Here, as shown in Figs. 4A and 4B, a reductive Ru(lll) complex releases electrons e- to become an oxidative 
Ru(ll) complex. When other reductive substances are present in the glucose solution along with a reductive Ru(lll) 
complex, these substances also release electrons in according to the type and amount of component corresponding 
to the applied voltage, and become oxidative. 

[0063] The electrons released by the reductive Ru(lll) complex and any other reductive substances are supplied to 
the working portion 26a of the first electrode 26 and are measured as the response current value by the current measurer 
4 via the first contact 3a. Therefore, the response current value that is actually measured includes that produced by 
electrons originating in the coexistent substances that became oxidative upon the application of voltage. The probability 
(proportion) at which the coexistent substances that were reductive release electrons and become oxidative is depend- 
ent on the amount of voltage applied to the first and second electrodes 26 and 27; the more voltage applied, the- more 
types of the coexistent substances release electrons and the greater the total amount of electrons released by the 
individual substances. Also, the reductive Ru(lll) complex can include not only one that has been given electrons in 
the oxidation-reduction reaction with the oxidation-reduction enzyme, but also one that has been made into reductive 
Ru(lll) through exposure to water or light. Accordingly, the response current value that is actually measured can include 
background current attributable to the reductive Ru(lll) originating in electrodes from something other than an enzyme 
reaction, or background noise due to the coexistent substances that are present. 

[0064] In contrast, according to the present embodiment, as is clear from Fig. 5, the constant voltage V applied to 
the first and second electrodes 26 and 27 is the same as the constant voltage V applied up to the point when the 
detector 5 detects that the glucose solution has been supplied to the reagent layer 28. Specifically, the reapplied 
constant voltage V is between 1 00 and 350 mV, and preferably 1 00 to 300 mV, which Is less than the standard oxidation- 
reduction potential of a ferricyanide ion. With this, the voltage applied to the first and second electrodes 26 and 27 is 
less than when a ferricyanide ion (potassium) is used as the mediator. This makes it possible to suppress the oxidation 
(release of electrons) of the reductive coexistent substances such as ascorbic acid or glutathione that are also present 
when blood or the like is used as the glucose solution, which would otherwise occur upon the application of voltage 
This reduces the background cu rrent caused by the effect of the reductive coexistent substances present in the solution 
As a result, it is possible to compute the concentration with good precision even without factoring in the effect of these 
reductive coexistent substances and correcting the measured values. 

[0065] Also, because an oxidative Ru(ll) complex is far more stable than a reductive Ru(lll) complex, this Ru complex 
is less apt to decompose in the presence of moisture or under optical irradiation, and most of it remains as oxidative 
Ru(ll) until given electrons by an enzyme reaction. Therefore, the proportion of Ru(ll) complex that has been rendered 
reductive by electrons from sources other than an enzyme reaction is far smaller, and this again allows background 
current to be reduced. Accordingly, there is no need to give much thought to the effect of moisture in the storage of 
the glucose sensor 2, so there is no need to reduce the amount of moisture by means of nitrogen replacement or the 
like. As a result, manufacturing is correspondingly easier when the glucose sensor2 is mass-produced on an industrial 
scale, and this keeps the cost lower. 

[0066] Furthermore, in the present embodiment, diffusion current based on the reductive Ru(ll) complex produced 
by the entire reagent layer 28 is measured as the response current. In other words, since the two oxidation-reduction 
reactions shown in Figs. 4A and 4B occur at every location of the reagent layer 28, the glucose reaction is concluded 
as soon as the glucose solution is supplied. Accordingly, if the glucose concentration is about 600 mg/dL, the oxidative 
Ru(lll) complex will be converted into reductive Ru(ll) in an amount corresponding to the glucose concentration at the 
point when the response current value is measured, such as 5 seconds after the glucose is supplied Therefore the 
response current value will be relatively large (on the uA level) even through the glucose concentration is on the'l 00 
mg/dL level, and Is therefore less affected by noise from electromagnetic waves and so forth. This means that the 
glucose concentration can be measured with good precision without having to take such steps as ensuring a large 
electrode surface area. Also, high concentration levels are difficult to measure when, for example, a mediator or enzyme 
is fixed to electrodes, the enzyme is subjected to a catalytic reaction on just the surface of the electrodes electrons 
are exchanged between the mediator and the electrodes, and the amount of electron movement here (catalyst current) 
is measured. In other words, if even one of the plurality of reactions participating in the exchange of electrons between 
glucose and the electrodes is slower than the other reactions, that reaction will become the rate-limiting stage and 
even If glucose is supplied over a specific concentration, the response current value will not rise over a specific value 
Consequently, the response current value gradually approaches a constant value within a range in which the glucose 
concentrate is relative high, making it difficult to measure high concentrations. In contrast, when diffusion current 
value is measured, the response current value is measured at the point when the glucose reaction has actually con- 
cluded, so glucose concentrations can be appropriately measured even at relatively high concentration levels 
[0067] Meanwhile, the computer 7 computes the glucose concentration in a glucose solution on the basis of the 
response current l 2 measured by the current measurer 4 at the point t 2 when a specific time (such as t 2 - 1, = at least 
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3 seconds, and preferably 3 to 5 seconds) has elapsed since the reapplication of voltage between the first and second 
electrodes 26 and 27. The glucose concentration is computed by converting the response current value into a voltage 
value, then checking this voltage value against a calibration curve which is produced ahead of time and expresses the 
relationship between voltage and glucose concentration. This calibration curve is, for example, converted into data 
5 and stored in a ROM along with the program for executing computation. The glucose concentration is computed by 
utilizing a CPU or RAM to execute the program stored in this ROM. 

Examples 

10 [0068] It will be proven below by Examples 1 to 8 that when a Ru complex is used as a mediator in the measurement 
of glucose concentration by utilizing an enzyme reaction, the glucose concentration can be measured in a short time 
and at a low voltage, any reductive substances contained in the glucose solution have little effect, resistance to exposure 
to light or water is high, and the solubility of the reagent layer is high. 

15 (Production of glucose sensor) 

[0069] A glucose sensor with a first electrode, a second electrode, a reagent layer and a channel formed on a sub- 
strate as shown In Figs. 2 and 3, was used in Examples 1 to 8. The first and second electrodes were formed on the 
substrate by screen printing with a carbon paste. 
20 [0070] Two glucose sensors were compared in Examples 1 to 6. One of these is termed glucose sensor 1 and the 
other comparative glucose sensor 1 . The difference between these glucose sensors was in the formulation of their 
reagent layers, as shown in Table 1 below. These reagent layers were formed by applying spots of 1 uL of reagent 
composed of an oxidation-reduction enzyme and a potassium phosphate buffer on a substrate, and then drying. 

25 



Table 1 







Formulation of Reagent Layer 


30 




Mediator 


Oxidation- 
reduction enzyme 


Buffer (pH 7) 




Glucose sensor 1 
of present 
invention 


300 mM 

[Ru(III) (NH 3 ) e ]Cl 3 


5000 U/mL 
PQQGDH 


50 mM 

potassium 

phosphate 


35 


Comparative 
glucose sensor 1 


300 mM 

K 3 [Fe(III) (CN) 6 J 


5000 U/mL 
PQQGDH 


50 mM 

potassium 

phosphate 



[0071] In Example 7, two glucose sensors 2 and 3 of the present invention comprising a different oxidation-reduction 
40 enzyme from that used in Examples 1 to 6 were used as indicated in Table 2 below. Other than the constitution of the 
reagent layer, these were the same as the glucose sensors in Examples 1 to 6. aGDH and CyGDH were as discussed 
previously. 

45 Table 2 





Formulation of Reagent Layer 


Mediator 


Oxidation- 
reduction enzyme 


Buffer (pH 7) 


Glucose sensor 2 
of present 
invention 


300 mM 

[Ru(III) <NH 3 ) 6 ]C1 3 


600 U/mL 
CyGHD 


250 mM 

potassium j 
phosphate 


Glucose sensor 3 
of present 
invention 


300 mM 

[Ru(III) (NH 3 ) 6 ]Cl3 


600 U/mL 
aGDH 


250 mM 

potassium 

phosphate 



[0072] A glucose sensor 4 of the present invention and a comparative glucose sensor 2 in which GOD was used as 
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leL^r;?^^ 0 " en ?r e as shown in Tab,e 3 be,ow were used in Exam p |e « «™ co^m™ « «. 

reagent layer, these were the same as the glucose sensors in Examples 1 to 6. 



Table 3 





Formulation of Reagent Layer 


Mediator 


Oxidation- 
reduction enzyme , 


Buffer (pH 7) 


Glucose sensor 4 
of present 
invention 


300 mM 

(Ru(III) (NH 3 ) 6 ]C1 3 


5000 U/mL 
GOD 


50 mM 

potassium 

phosphate 


Comparative 
glucose sensor 2 


300 mM 

K 3 (Fe{III) (CNJsl 


5000 U/mL 
GOD 


50 mM 
potassium 
.phosphate 



[Example 1] 



wavefl™ rl rT ' tr ° de reSP ° nSe characteristics ° f glucose sensors were evaluated by examining CV 

waveforms. The CV waveform was examined by applying spots of glucose solution on the reagent layer of the glucose 

-800 my -> 0 mV -> +800 mV, and measuring the response current during the sweep. The glucose solution used here 
Z, 'nSTS" 7? 3 C ° nCen,rati0n 0f 200m ^ dL <P' e P a ^ »V Solving gLose in physioiog^saTne (0 9 
C^Iefom^ am ° Unt ° SPOt aPP ' iCati0n ° f 9lUC0SG S ° ,U,i0n ' ° n the rea 9 9nt ,a ^ wa *^. 4 6 shows the 

!°800 4 L IZT See H f r *£ CV WaVe,0miS F ' 9 - 6 tha ' Within 8 ran 9 e in which tha a PP' ied "*«9« was 0 mV 
+ 800 mV on the second time, the response current value was at its maximum when the applied voltage was approxt 
mately 1 00 mV wth the glucose sensor 1 of the present invention in which Fi<ll W NH*Jc£ was used as 
whereas the response current value reached its maximum at slightly less than 300 S w h the compara«ve glucose 
sensor 1 ,n wh,ch K 3 [Fe(lll)(CN) 6 ] was used. The CV waveforms in Fig. 6 tell us that when fRu(lll) (Nh TicT is used 

? J Z Z m v TK 0X T; S ' milar,y th3t When K3[Fe(IM) (CN) ^ is used - the votage must be must be 

tllTJl ; I ! T'"^ V0,ta9e 3t WhiCh the resp0nse current value of each Viator reached its mTximum 
substantially matched the standard oxidation-reduction potential for each mediator. 

SmJ^f"? " bS C ° nClUded that " 8 RU COmp ' eX With 3 low standard °xidation-reduction potential is used 
as the mediator, glucose concentration can be measured favorably even at a low applied voltage and that in this case 

sz^^kks:. made possibie by decreasin9 ,he -se d byX::^ 



[Example 2] 



Somv^' To fh^'fh ? ^ eXamin6d Wh6ther 9 ' UC0Se concen,ra «° n can ^ accurate.y measured at a low voltage 
(200 my). To this end, the response current value was measured using four different standard solutions with qlucose 

inventio^n^rH ° ^ ?°° ^ 400 ^ "* 6 °° mg/dL and the ^ sense 1 oMhe present 
invention and the comparative glucose sensor 1 , at applied voltages of 500 mV and 200 mV. The response curreni 

nSUT T 3 T d l S ,! COndS 3fter ,he SPOt apP ' iCati0n ° f 1 ^ L of standard sol "tion to the «^r^s 
apphcat-on of vottage held steady between the first and second electrodes. These results are given in Fig 7 
[0077] As can be seen from Fig. 7, when the applied voltage was 500 mV, the glucose sensor 1 of the present 
inven ,on exhibited good linearity for the group of plotted points, indicating that glucose sensor can be measured fa 
vorably even when the glucose concentration is high (400 mg/dL or higher). In contrast, with the compare loose 

.inXr^zr off when the 9,ucose — was ^ « o ° - ss= 

[0078] Meanwhile, when the applied voltage was 200 mV, the linearity of the g.ucose sensor 1 of the present invention 
was off somewhat when the glucose concentration was high (400 mg/dL or higher), but the group of plotted points did 
exhibrt good linearity. The deviation in linearity at 200 mV wrth the glucose sensor 1 of the U^SSSXZSh 
smaller than that of the comparative glucose sensor 1 at 500 mV invention was still 

[0079] Thus, it was confirmed that when a Ru complex was used as the mediator, glucose concentration could be 
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35 



40 



45 



[Example 3] 



current was measured during sustained voltage Scatton »nd Thill * ' " re89e "' lay "' the res P onse 
are given in Figs, a and 9. 9 application, and the change over time was measured These results 

■a appiicatlon „„. time "^Z^ XZT^^Z ^TT *" *— ""^ 



25 [Example 4] 



55 



[0082] In this example, the effect of reductive concomitants (the effect of background current) was examine Tho 
[0085] Fig. 1 2 is a bar graph of the response current value here when the glucose concentration was 0 mo/di it M „ 



50 [Example 5] 



?„! !' thermo - h y9ro-static room kept at a relative humidity of 50% and a temperature 
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current value was measured under the same conditions ^d1^^dr^^9'ddO^>t'^en^^r^h^r ^ad (^nto'dor^ohniie 'of^0^.2^L". 
mohvgrdstatic room (Initial), and for a glucose sensor that ,'^2 L (desiedant) and then 

much smaller response cement man the comparative ^ ^ U 1 J^3„ ffie mediator, there la leae 
at all environmental settinga. It ia theretore autmiaed that when Ru camp ex I «■ 

dagradatidn (raduotien) d. the is no need to gwe 

term ddgradatidn ia leas likely to occur. Therefore it a »»»«■ " „ |ucose 

or d*eral^atmon t Inside the packaging, whloh laollltatee manutacure and redudea o»a. S . 



[Example 6] 



t 0088, The scanty of the reagent layer was examined £ ^^^^^^^^ 
reagent layer, the response current value was measured - J^'^^tfS- sensor 1 of the present 
concentrations ol 0 mg/dL, 200 mg/dL, 400 mg/dL, and 600 ^"8 ™^ yo| non . ap p,ication 
invention and the comparative glucose sensor 1 , at an applied voltage of 500 mV. There PP 
state .asting 10 seconds after the spot application of 1 jd « 'J^ r ^^ r ^X fM and second 
response current value was "^ n % 5 .^ n * «^ * 0 w S^SStEn an inorganic ge. (used as a 
S^r^In ^S^^pi P^lS -ght parts Pe comp.ex in the comparative glucose 
sensor 1 . invention exhibited excellent linearity even 

SXt£. S£ mtnSrreageh, layer delves we,, within ,. seconds o, the suppl, .. 

the standard eolation, regardless of the <^™"T«°"- (e „ ent laye , „,„ have excall.nl sotubiBy. with the 

E3S2=SSEisdsbs= == 

having to resort to the use of a dispersant or the like. 



[Example 7] 



,0.01, mthia example, the response ^~-£^%SZZZ^£22L 
invention, which had a reagent NW^f 23^\S^Tt1«. Z*. are given in Fig. 15. Fig. 16 



for various types of GDH. 
[Example 8] 



,„.„, .n.hlne>.mp te ,he re aponee_^^ 

and GOD was dead ea the ««!*«^--«^^ »«, the giucose sensor 1 

,00941 As can he .e.n 1mm J^^^Z^T^W^^' — «"•» ™" 
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solubility of the reagent layer can be ensured. 



Claims 
1 



ms 



10 



containing ine ieoi . „,„___. 

of the test target by utilizing an electrochem.cal process, 

wherein a Ru compound is used as the electron mediator. 



2. The method according to Claim 1 , further comprising: 

a first step of producing a reductant of the ^^^^^^^ measuring the response 

==S3SSs===s 

ured in the second step. 

the compound is a reductive Ru (II) complex. 
4 . Th a „*- «*. » 0*. 3. — « RU„», ooropia, ,a * * ■*-«. — 

25 . formula: 

[Ru(NH 3 ) 5 X] n+ 

(where X in the formula is NH 3 or a halogen ion, and n+ in the formula is the valence of the oxidative Ru(lll) 
complex as determined by a type of X). 

35 reaction of the oxidative Ru(lll) complex. 

X^HlS «o a re.atively.arge amount of the oxidase Ru (...) complex. 
40 7 The method according to Claim 1 , wherein the test target is glucose. 

8. A concentration test instrument comprising: a substrate; at least first and second electrodes formed on the sub- 
strate; and a reagent layer formed as a solid; rortllrtiftn enzvme and a Ru compound, and is constituted 

supplied, 
reaction system. 

Action oniyma. aoO a reduction raaaior, of the Ru compound 
„ The concern M M accondinc. ,0 Cia* 10. wheroin ft. reagan, ,a,a, is cons,«u,sd so M ft. » 



13 



EP 1 426 757 A1 



20 



25 



30 



ductant is produced substantially uniformly in every location of the liquid phase reaction system. 
12. The concentration test instrument according to Claim 8, wherein the Ru compound is expressed by the following 



chemical formula: 



[Ru(NH 3 ) 5 xr 



(where X in the formula is NH 3 or a halogen ion, and n+ in the formula is the valence of the oxidative Ru(lll) 
10 complex as determined by a type of X). 

13. The concentration test instrument according to Claim 8, wherein the test target is glucose. 

14. The concentration test instrument according to Claim 13, wherein the oxidation-reduction enzyme comprises at 
is least one selected from the group consisting of PQQGDH, aGDH, and CyGDH. 

15. A concentration measuring apparatus used together with a measurement test instrument which comprises a rea- 
gent layer, a first electrode and a second electrode, the reagent layer containing an oxidation-reduction enzyme 
and a Ru compound, the measuring apparatus comprising: 



a voltage applier for applying voltage between the first and second electrodes; 

a current value measurer for measuring the response current value when voltage is applied between the first 
and second electrodes; and 

a computer for computing the concentration of the test target on the basis of the response current value. 

16. The concentration measuring apparatus according to Claim 15, further comprising a controller for controlling the 
voltage application performed by the voltage applier, 

wherein the controller is constituted such that the voltage applied by the voltage applier is controlled to be 
a constant voltage selected from a range of 100 to 500 mV. 



17. The concentration measuring apparatus according to Claim 15, further comprising a controller for controlling the 
voltage application performed by the voltage applier, 

wherein the controller is constituted such that the voltage applied by the voltage applier is controlled to be 
a constant voltage selected from a range of at least a standard oxidation-reduction potential (versus a standard 
35 hydrogen electrode) between the oxidant and reductant of the Ru compound, and less than a standard oxidation- 

reduction potential (versus a standard hydrogen electrode) between ferrocyanide ions and ferricyanide ions. 

18. The concentration measuring apparatus according to Claim 15, further comprising a controller for controlling the 
current value measurement performed by the current measurer, 

4 o wherein the controller is constituted such that the response current value necessary for computation by the 

computer is measured by the current value measurer at any point between 3 and 5 seconds after the sample liquid 
is supplied to the reagent layer. 
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FIG.4A 

28 



26a 
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FIG.4B 
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FIG.8 
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FIG. 10 




700 



Glu Concentration [mg/dl] 



IB 
O 



O. 
Q. 



CO 



3 
O 



20 
18 
16 
14 
12 
10 
8 
6 



FIG. 11 



- K 3 [Fe(CN) $ ] flhole Blood 2SMf 

- [Ru(NH 3 )6]Ci 3 Whole Blood 25foiV 



0 




100 200 300 400 500 

Glu Concentration [mg/dl] 



600 



700 



20 



EP 1 426 757 A1 

FIG.12 
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FIG. 15 
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□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE^) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 
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